With the limited availability of meteorological variables in many remote areas, estimation of 23 evapotranspiration (ET) at different spatio-temporal scales for efficient irrigation water 24 management and hydro-meteorological studies is becoming a challenging task. Hence, in this 25 study, the indirect ET estimation methods, such as, the MODIS satellite-based remote sensing 26 techniques and the water budget approach in built into the semi-distributed variable infiltration 27 capacity (VIC-3L) land surface model are evaluated using the FAO-56 Penman-Monteith ( based ET estimates with the Nash-Sutcliffe efficiency (NSE) of 54.14-71.94%; however, the 34 corresponding MODIS-ET values are highly underestimated with a periodic shift which may be 35 attributed to the cloud cover and leaf shadowing effects. To enhance the field applicability of the 36 satellite-based MODIS-ET products, these estimates are standardized by using the genetic 37 algorithm-based transformation that improves the NSE from -390.83% to 99.57%. Hence, this 38 study reveals that there is the need of a regional-scale standardization of the MODIS-ET 39 products using the FAO-56 PM or lysimeters data or possible modification in the MOD16A2 40 algorithm built-into the MODIS for generalization. Conversely, the satisfactory grid-scale ET 41
The water is evaporated when it falls on the canopy; and then, the grid-scale canopy evaporation 160 is given by 161 When the surface soil is saturated due to rainfall or irrigation, the evaporation occurs from the 171 top thin layer at a potential rate. However, when the top soil layer is not saturated, the soil 172 evaporation rate (Es) is calculated using the Arno model formulation (Franchini and Pacciani, 173 1991) using the concept of the Xianjiang Model (Zhao et al. 1980 
176
where Fs = fraction of the bare soil that is saturated; im = maximum infiltration capacity of soil 177 where A = fraction of area for which the infiltration capacity is less than the potential infiltration 181 rate m i ; bi = infiltration shape parameter; θs = soil porosity; and d = soil depth (m). 182 9
The VIC-3L model is applied to the Kangsabati River basin in which the whole basin is 183 discretized into 20 grids of 0.25˚× 0.25˚ resolution. For ET estimation, the VIC model uses the 184 meteorological data of precipitation, minimum and maximum air temperature, relative humidity 185 (Kimball et al. 1997) , solar radiation and wind speed. As the preliminary estimate, the three soil 186 layer depths in the VIC-3L model conceptualization are set as 0-10 cm, 10-30 cm, and 30-100 187 cm for the top, bottom, and deep layers, respectively. The vegetation parameter file is generated 188 
MODIS-derived ET estimation 222
Terrestrial ET is the combination of evaporation from moist and wet soils, the sublimation of 223 water vapour from ice and snow, canopy evaporation and the transpiration from vegetation. The 224 original MODIS-ET algorithm (Mu et al. 2007 ) is based on the Penman-Monteith method which 225 is modified into MODIS16 algorithm as (Mu et al. 2011 
where LE = latent heat flux; λ=(2.501 -0.002361Tn)×10 6 ; Tn = air temperature at the n th 30-228 minute observation of each day; ETp = potential evapotranspiration; AE = available energy 229 partitioned between sensible heat, latent heat and soil heat fluxes on land surface; d(esat)/dT = 230 slope of the curve relating saturated water vapor pressure (esat) to temperature (T); e = variable 231 vapour pressure; ρ = air density; Cp = specific heat capacity of air; ra = aerodynamic resistance; 232 rs = surface resistance; and γ = psychometric constant given by (Maidment, 1993) 
Standardization of MODIS-ET using Genetic Algorithm (GA) 261
Since the MODIS-derived ET estimates are generally not free from bias, these products are 262 standardized using the FAO-56 PM based ET estimates as 263 Table 1 . 360
The reproduction of daily and monthly-scale discharge timeseries for the upper Kangsabati 361
River basin with relation to the observed values are illustrated in Figs. 2 and 3 for validation indicates that the VIC-3L model underestimates the streamflow slightly in the 366 ranges >700 m 3 /s which could be due to overestimation of the catchment losses by the model 367 during the high flow period. Conversely, the validation results (Fig. 2b) However, due to the time-delay effect in the soil layers, the baseflow transport process may 394 result in at a temporal scale larger than 1-day. Hence, the baseflow contribution should 395 practically be less than that obtained in this study; which possibly needs improvement in the 396 model structure when run at daily scale. Moreover, during rainy days, the cloud cover could 397 significantly reduce ET which is not exclusively accounted for in the VIC model framework. 398
Hence, to maximize the streamflow prediction efficiency, the VIC model adjusts the water 399 budget components among themselves. These results are more biased at daily-scale than the 400 monthly-scale for the high runoff values. 401
As envisaged from Fig. 6 , the VIC-simulated annual ET accounts for the highest (69% of the 402 annual precipitation) for the grid#20 as the annual precipitation is also the highest in this grid. 403
Evapotranspiration of 67%, 69% and 68% of the annual precipitation is more likely observed in 404 the grids#17, 18, and 19, respectively; since large areas of these grids are covered with 405 vegetation. This grid has the maximum areal extent of cropland (70%) and mixed forest (16%) 406 that could be responsible for large amount of ET loss (Fig. 6a) . The lowest amount of annual ET 407 (51%) is observed in grid#1 since this grid is characterized as the drought prone area with the 408 least soil moisture holding capacity and vegetation cover. The annual runoff accounts for the 409 highest (46% of the annual precipitation) from grid#1 as it is at higher elevation with fine clay-410 loam soil; whereas it is the lowest in grid#20 (27% of annual precipitation) since it consists of 411 the maximum grid area of cropland. Figure 6b the MODIS-ET products could be used reliably after bias correction only. The grid-scale annual 493 variability of the MODIS-ET estimates for the whole basin is illustrated in Fig. 13 which reveals  494 that, generally, the ET loss from the lower part of the basin is relatively higher due to the 495 presence of more irrigated croplands than that of the upper part. 496 497
Summary and Conclusions 498
The spatio-temporal variability of evapotranspiration depends on the topological controls (viz., 499 elevation, latitude, longitude and LULC) of the basin and the meteorological controls (viz., 500 temperature, relative humidity, wind speed, incoming and reflected solar radiations). However, 501 due to limited meteorological data availability both at the field and basin-scales owing to limited 502 Click here to download Figure Fig 1.pdf 
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